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Abstract
Objective To assess the efficacy of three mechanical decontamination methods in four types of commercially available implants.
Material and methods Ninety-six implants of four commercial brands with different designs (regarding thread depth and thread
pitch) were soaked in a surrogate biofilm (ink) and air-dried. Circumferential standardized peri-implant defects with 6 mm in
depth and 1.55 mm in width were custom-made with a 3D printer. Stained implants were inserted in the defects and instrumented
with three different methods: a titanium brush (TNB), a metallic ultrasonic tip (IST) and an air abrasive (PF). Standardized
photographs were taken vertically to the implant axis (flat view), and with angulations of 60° (upper view) and 120° (lower view)
to the implant long axis. The percentage of residual stain (PRS) was calculated with the image analysis software. Scanning
electron microscope evaluations were performed on the buccal aspect of the implants at the central level of the defect.
Results The efficacy of PF was significantly inferior to the TNB and IST in all implant designs, while there were no significant
differences between TNB and IST. IST showed significantly higher PRS in the implant with the highest thread pitch, while the
TNB had the highest PRS in the implant with a marked reverse buttress-thread design. The micro-thread design had the lowest
values of PRS for all decontaminationmethods. The apically facing threads represented the areas with highest PRS for all implant
designs and decontamination methods.
Conclusion Thread geometry influenced the access of the decontamination devices and in turn its efficacy. Implants with lower
thread pitch and thread depth values appeared to have less residual staining.
Clinical relevance Clinicians must be aware of the importance of thread geometry in the decontamination efficacy.

Keywords Peri-implantitis . Surfacedecontamination .Dental implants . Scanningelectronmicroscope . Implant design .Thread
design

Introduction

Peri-implantitis has been recently defined as a plaque-
associated pathological condition occurring in tissues around
dental implants, characterized by mucosal inflammation in the
peri-implant mucosa and subsequent progressive loss of
supporting bone [1]. Peri-implantitis is a highly prevalent dis-
ease, with a mean patient prevalence of 22% [2].

The treatment of peri-implantitis is aimed to arrest the peri-
implant inflammatory process and thus, to prevent further mar-
ginal bone loss [3]. In specific peri-implant lesions, regenerative
therapies have also aimed to reconstruct the lost peri-implant
bone [4]. Using these interventions, the biological feasibility of
re-osseointegration has been documented in preclinical and clin-
ical investigations [5–9], although the nature of the regenerated
tissues is not well understood. Persson et al. [10] treated peri-
implantitis lesions in dogs with a combination of systemic
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antibiotics and surgical debridement using saline for
decontaminating the implant surface. This approach failed to
consistently achieve re-osseointegration. The authors concluded
that re-osseointegration could only occur at sites where there was
a pristine implant surface and that the presence of bacterial by-
products leads to fibrous encapsulation.

In human clinical trials, in spite of the generally positive
outcomes reported for reconstructive therapy of peri-implantitis
defects, complications such as re-infections, implant loss or need
of additional therapy have been reported after therapy [11–15].

In order to improve the predictability of the reconstructive
approach in the treatment of peri-implantitis, different decontam-
ination methods and devices have been tested in in vitro inves-
tigations. The outcomes of these investigations demonstrated the
presence of residual biofilm after instrumentation [16–19]. This
residual stain (biofilm) was mainly found in difficult to reach
areas, such as between threads and in the thread surfaces facing
downwards. This has suggested that implant-related characteris-
tics, such as thread depth, thread pitch or thread design, could
influence the outcome of decontamination procedures [20].
Recent investigations have already pointed out that implant fea-
tures may influence the capability of the clinician to properly
decontaminate the implant surface [20, 21]. Nonetheless, the
impact of features such as thread depth, thread pitch or thread
design is presently not well understood.

It was, therefore, the objective of this in vitro investigation
to assess whether differences in the implant macro-geometry
and thread pattern could influence the capability of three com-
monly used decontamination methods to access and debride
the implant surface.

Material and methods

Study materials

Ninety-six implants from 4 different commercial brands were
used (n = 24 per group) (Fig. 1a). Their thread design was
evaluated with micro-CT and characterized by the following
parameters: (i) thread depth (distance from the tip of the thread
to the body of the implant), (ii) the thread pitch (the distance
from the centre of the thread to the centre of the next thread),
(iii) the thread shape (determined by the thread thickness and
thread face angle including V-shape, buttress and reverse
buttress) [22] and (iv) the upper and lower thread angle (both
measured against a horizontal plane perpendicular to the long
axis of the implant).

The characteristics of the four different implant groups
were as follows:

– Group 1 (n = 24): Straumann Standard Tissue Level
Implant RN (3.3 × 10 mm) (Straumann Institute, Basel,
Switzerland) with a reverse buttress-thread shape

(apically facing thread face is perpendicular to the im-
plant axis and coronally facing thread is at a slant), thread
pitch of 1.2 mm, thread depth of 0.3 mm, upper angle of
16° and a lower angle of 36°.

– Group 2 (n = 24): Dentium SimpleLine II 3.4 × 12 mm
(Dentium, Suwon, South Korea) with a buttress-thread
shape (coronally facing thread face is perpendicular to
the implant axis and apically facing thread is at a slant),
thread pitch of 0.6 mm, thread depth of 0.4 mm, upper
angle of 9° and a lower angle of 26°.

– Group 3 (n = 24): Neobiotech IS III 3.5 × 10 mm
(Neobiotech, Seoul, South Korea) with a buttress-thread
shape, thread pitch of 0.75 mm, thread depth of 0.3 mm,
upper angle of 14° and a lower angle of 37°.

– Group 4 (n = 24): Astratech Osseo speed TX 3.5S × 9 mm
(Dentsply Implants, Mannheim, Germany) with a V-thread
shape in the 2/3 apical of the implant and a micro-thread
area in the coronal third. The micro-thread had a pitch of
0.2 mm, a depth of 0.07 mm and the upper and lower
angles, 14° and 37°, respectively. In the V-threaded area,
the pitch was 0.75mm, the depth 0.3 mm and the upper and
lower angles being 40° and 40°, respectively.

Implant staining

Test implants were submerged in a bath of a viscous water-
resistant white ink (Winsor & Newton INK white Weiss,
Winsor & Newton, London, UK) for 10 s, then air-dried with
an air syringe in order to achieve an even dispersion of the
stain over the implant surface [21]. Care was taken to avoid
that the ink would access the implant connection or the
transgingival components. Implants were then further dried
at room temperature for 30 min and stored (Fig. 2a). In order
to validate this staining methodology, 2 stained implants from
each test group were evaluated bymicro-CT analysis as a pilot
(SkyScan 1072; SkyScan, Aartselaar, Belgium) with a resolu-
tion of 35 μm (at 100 kV and 100 μA) and visualized with 3D
software (OnDemand3D; Cybermed, Seoul, South Korea).
These 2 implants were not included in the sample size calcu-
lation and statistical analysis. The thickness of the ink layer
(μm) was measured at 3 locations in each implant (coronal,
middle and apical portion) at the thread valleys and in the 2
randomly selected aspects 180° apart on the implant platform.

Standardized defects

Custom-made circumferential defects were constructed
around each implant using 3D printed models based on a
previous in vitro study [16] (Fig. 2b). These models were
designed using a dedicated software and a 3D printer with a
resolution of 100 μ in grey resin material with a curing time of
15 min (Resin REF: FLGPWH04; FromLabs, Sommerville,
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MA, USA). The resulting models had a cubic shape with a
circumferential defect in the centre and an access hole to insert
implants leaving the most coronal 6 mm of its surface ex-
posed. The dimensions of the circumferential defect were
6 mm in depth and 1.55 mm in width.

The stained implants were inserted in the resin models level-
ling the shoulder of the implant or the smooth-rough surface
interface with the coronal border of the defect (Fig. 2c).

Decontamination protocols

Three decontamination groups of 32 implants per group were
created. Each decontamination group had 4 subgroups of 8
implants based on the different implant designs. The in vitro
design aimed to replicate the instrumentation of a circumfer-
ential defect by means of an open access flap surgery. The
three decontamination groups were as follows (Fig. 1b):

Fig. 2 a Implant coated with
white ink. b 3D design of the
defect configuration. c Implant
inserted in defect and ultrasonic
tip proceeding to instrumentation.
d Implant removed from the
printed defect after
decontamination

Fig. 1 a Micro-CT images of the
different implant designs used in
the investigation. Group 1 corre-
sponds to Straumann Standard
Tissue Level RN 3.3 × 10 mm,
group 2 corresponds Dentium
SimpleLine II 3.4 × 12mm, group
3 corresponds to Neobiotech IS-
III implant 3.5 × 10 mm and
group 4 to Astratech Osseo speed
TX 3.5S × 9 mm. b The different
decontamination groups were
TNB, TN-titanium brush; IST,
ultrasonic tip of a cooper and sil-
ver alloy and PF, Perio-flow gly-
cine-based air abrasive
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1 TNB: Titanium implant brush made of titanium filaments
within a tuft (TN Brush; Dentium) used with irrigation at
800 rpm and light pressure.

2 IST: Ultrasonic tip made of an alloy of copper and silver
specially designed to minimize implant surface damage
[23] (IS tip; B&L Biotech, Seoul, Korea) used under max-
imum irrigation and 80% power.

3 PF: A glycine-based air-powder abrasive device with a
subgingival plastic nozzle (Perioflow; EMS, Nyon,
Switzerland) used following the manufacturer recommen-
dations, at maximum setting for both “liquid” and
“power”.

A calibration session with the use of the three mechanical
decontamination methods was carried out before the start of the
study to assure proper usage following the manufacturer guide-
lines. All tested implants were instrumented by a single expe-
rienced operator (ISM) during 120 s. Once completed, each
implant was labelled with a permanent marker to identify the
buccal area facing the operator and the left side of the implant.

Once removed from the printed defects (Fig. 2d) and rinsed
with an air-water syringe to eliminate loosened particles, pho-
tographic images using a digital SLR camera (EOS 80D;
Canon Inc., Tokyo, Japan) with 105 mm objective and a ring
flash (Sigma, Sigma, Roedermark, Germany) were taken
using standardized conditions (mode M, F32, 1/80, ISO
100) [16]. A custom-made splint was constructed to position
the camera vertically to the implant axis (flat view) and with
angulations of 60° (upper view) and 120° (lower view) to the
implant long axis, respectively, thus allowing the assessment
of the coronal and apical threads (Fig. 3a, b, c).

The obtained images were exported to the image analysis
software (Adobe Photoshop CC; Adobe, San Jose, USA) and

cropped to define an area of interest corresponding to the
6 mm of the surface left exposed in the defect.

The percentage of residual stain (PRS) was calculated
using the following formula: area of residual stain × 100/
total area of implant surface (Fig. 4).

Scanning electron microscope analysis

The scanning electron microscope (SEM) evaluation in the
area of the valley between threads was performed on the buc-
cal aspect of the implants at the central level of the defect
(approximately 3 mm from the implant shoulder) with a
Zeiss Sigma 500 Microscope (Zeiss Microscopes, Zeiss,
Oberkochen, Germany) using a magnification of × 500 with
a working distance of 11.5 mm and operating at 5.00 KW.

Statistical analysis

Continuous variables were presented as means and standard
deviations (SD). Normality of data distribution was tested by
means of the Shapiro-Wilk test. The Kruskal-Wallis test was
used to assess the differences between the decontamination
groups and to analyse whether the implant design had an im-
pact in the amount of residual stain. Dunn’s post hoc test was
used to check for pairwise comparisons between the three
decontamination approaches and implant groups. These tests
were performed using the SPSS software program (Version
20.0, IBM Corporation, New York, USA) with the statistical
significance being set with an alpha level of 0.05.

The study was carried in compliance with the appropriate
EQUATOR guidelines.

Fig. 3 a Installation of the
implant for the flat view. b
Camera settings and focal
distance. c Installation of the
implant for the lower view
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Results

A total of 576 images, corresponding to 96 implants at the
buccal and palatal sides using flat, upper and lower views, were
analysed. This result section reports only the buccal sites. The
results from the palatal sites are presented in Supplementary
Table 1.

The validation of the staining methodology resulted in sim-
ilar thickness of the ink layer for all the groups (mean thick-
ness of 63.50 ± 6.02 μm, 63.42 ± 4.46 μm, 61.25 ± 5.21 μm
and 62.50 ± 8.66 μm for test groups 1, 2, 3 and 4, respective-
ly). Similarly, the total surface area (TSA) evaluated was sim-
ilar for all the test groups (16.40 ± 1.41 mm2, 17.50 ±
1.66 mm2, 19.63 ± 2.3 mm2 and 18.43 ± 2.13 mm2 for groups
1, 2, 3 and 4, respectively).

Percentage of residual stain based on
decontamination group and angle of evaluation

The results from the percentage of residual staining (PRS)
after instrumentation with TNB are presented in Table 1 strat-
ified by implant group and evaluation angle. In the flat view,
the mean PRS by implant group were 34.56 ± 7.05, 27.78 ±
15.40, 47.57 ± 19.50 and 21.07 ± 12.95 for groups 1, 2, 3 and
4, respectively. Differences between groups were non-
significant for the flat (p = 0.078), upper (p = 0.699) and lower
views (p = 0.094). Differences in the PRS within each implant
group based on the angles of evaluation were statistically sig-
nificant for all the implant groups.

The results with the IST decontamination method are
depicted in Table 1. In the flat view, the implant group 1
had a mean PRS of 37.43 ± 6.63, while in implant group 2,
PRSwas 27.34 ± 12.10; in implant group 3, 24.82 ± 16.17 and
in implant group 4 11.93 ± 5.43. In this flat view, differences
between groups were significant (p = 0.004). Also in the upper
and lower views, differences were statistically significant (p =
0.013 and 0.008, respectively). When assessing pairwise com-
parisons, only the comparison between groups 1 and 4
reached significance (p = 0.02) in the flat view. Similarly, in
the upper and lower view, only the comparison between
groups 1 and 4 reached significance (p = 0.007 and p = 0.006
respectively). Finally, the differences in the PRS values based
on the angles of evaluation within each implant group reached
significance for all groups except for implant group 2.

The results with the PF decontamination method are
depicted in Table 1. In the flat view, the mean PRS were
49.94 ± 6.78, 74.44 ± 6.21, 49.23 ± 7.81 and 47.51 ± 3.20 for
groups 1, 2, 3 and 4, respectively. These differences between
groups were statistically significant (p = 0.01). Also the PRS
values in the upper and lower views demonstrated significant
differences (p = 0.035 and 0.001, respectively). When evalu-
ating the pairwise comparisons, in the flat view, differences
between groups 1 and 2, groups 2 and 4 and groups 2 and 3
were statistically significant (p = 0.02, p = 0.008 and p = 0.04,
respectively). On the upper view, none of the pairwise com-
parisons in PRS was significant, while in the lower view, only
differences between groups 1 and 2 were significant (p =
0.001). The differences in the PRS values based on the angles
of evaluation within each implant group reached significance
for all groups.

Figure 5 depicts the PRS of the different groups based on
the angle of evaluation and decontamination group.

SEM results

The effect of each decontamination method on the different
implants is depicted in Fig. 6. All implant surfaces demon-
strated residual stain in the form of subtle white shadows over
the surface of the implant or clusters of ink debris along the

Fig. 4 Area of residual stain in red in the different implant designs and
decontamination methods (the image corresponding to the median value
has been selected)
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implant surface. Layers of ink covering the implant surface at
the valleys between threads were frequently found.

Discussion

The results of the present investigation showed that implant
design had a distinct effect on the decontamination efficacy as
evidenced by the differences encountered between the differ-
ent implant groups; implants with lower thread pitch and
thread depth values appeared to have a lower percentage of
residual staining. Moreover, the decontamination group had
also a significant influence on the decontamination outcomes
with the air abrasives having the highest percentage of residual
staining. The apically facing threads represented the most
challenging areas to be accessed for all implant designs and
decontamination methods.

The percentage of residual stain found in the present inves-
tigation is slightly higher than those reported in other investi-
gations which found that narrow defects posed a greater chal-
lenge for decontamination devices and were frequently asso-
ciated with residual stained areas [16, 24]. These differences
between studies may, therefore, be attributed to (i) differences
in the depth and width of the experimentally created defects,
what resulted in areas with more or less difficulty of access

and (ii) different methods of staining used in the in vitro ex-
perimental designs. The present investigation utilized a type
of white ink highly adherent to the implant surface that only
can be eliminated by mechanical disruption [21]. It is, there-
fore, possible that glycine particles used in the air abrasive
device were not large enough to displace the ink from the
implant surface.

It has been previously reported that air abrasives may have
difficulties to remove calcified or well-adhered bacterial de-
posits [25]. Therefore in these situations, other options such as
titanium brushes or ultrasonic tips may be preferable or need-
ed as additional treatment. With ultrasonic devices, however,
the efficacy of the ultrasonic tip vibration to effectively re-
move calcified deposits from the implant surface may be at
the expense of creating surface alterations [26, 27].
Alternative options such as Teflon and plastic coatings have
been found to leave frequent traces of the coating material
remaining on the implant surface [28, 29]. In this investiga-
tion, we have used an ultrasonic tip made of an alloy (copper
and silver) softer than titanium to minimize the damaging
effect of the ultrasonic tip upon the implant surface [23].

The effect of the implant design was also notable. Implant
group 4, which had the lowest thread pitch and depth values in
its coronal aspect (micro-thread), obtained the lowest percent-
ages of residual stain indicating that shallower threads were

Table 1 Percentage of buccal
residual staining for each
decontamination method and
implant group

a. Percentage of residual staining in TNB

Group 1 Group 2 Group 3 Group 4 p val (group)

Flat 34.56 ± 7.05 27.78 ± 15.40 47.57 ± 19.50 21.07 ± 12.95 0.078

Upper 38.48 ± 8.15 43.46 ± 13.44 39.09 ± 16.01 46.09 ± 18.10 0.699

Lower 50.23 ± 6.66 47.80 ± 14.16 63.65 ± 11.80 55.54 ± 16.94 0.094

p val (angle) 0.003 0.037 0.015 0.006

Average 41.09 ± 9.75 39.67 ± 6.28 48.10 ± 19.06 40.89 ± 21.42 0.001

b. Percentage of residual staining in IST

Group 1 Group 2 Group 3 Group 4 p val (group)

Flat 37.43 ± 6.63 27.34 ± 12.10 24.82 ± 16.17 11.93 ± 5.43 0.004

Upper 50.00 ± 3.91 35.72 ± 19.86 38.70 ± 15.98 24.93 ± 11.16 0.013

Lower 56.73 ± 5.05 42.13 ± 10.18 45.18 ± 11.75 38.06 ± 9.68 0.008

p val (angle) 0.001 0.113 0.07 0.001

Average 48.05 ± 9.62 35.06 ± 15.31 36.23 ± 16.72 24.97 ± 13.93 0.001

c. Percentage of residual staining in PF

p val Group 1 Group 2 Group 3 Group 4 p val (group)

Flat 49.94 ± 6.78 74.44 ± 6.21 49.23 ± 7.81 47.51 ± 3.20 0.01

Upper 58.47 ± 10.92 69.56 ± 10.25 60.80 ± 4.85 70.96 ± 9.29 0.035

Lower 69.43 ± 6.92 87.04 ± 1.96 78.38 ± 2.75 78.61 ± 5.03 0.001

p val (angle) 0.002 0.001 0.001 0.001

Average 59.27 ± 11.45 77.01 ± 10.06 62.80 ± 13.33 65.69 ± 14.82 0.001

Implant group 1: Straumann Standard TL, implant group 2: Dentium Simple Line II, implant group 3: Neobiotech
CMI implant and group 4 to Astratech Osseo speed TX

TNB TN-titanium brush; IST ultrasonic tip of a cooper and aluminium alloy; PF Perio-flow glycine-based air
abrasive
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easier to instrument. These results demonstrate that access to
the surface is a significant factor for the efficacy of the me-
chanical decontamination method. Similarly, the design of the
thread may also influence the efficacy since only the implant
group 4 with the V-shape thread design demonstrated signif-
icantly less residual staining, while the other groups with but-
tress and reverse buttress designs showed a more limited ac-
cess to the decontamination devices.

In group 1 and group 4 (group 1; without threads and group
4; with micro-threads in the coronal portion of the implant),
the decontamination methods TNB and IST resulted in

practically no residual staining in these areas where plaque
is more likely to reside. On the contrary, when there was an
increase in the depth of the defect (apical areas), or in the
distance between threads, residual stain was more present,
which underlines the importance of access for proper surface
decontamination.

When ultrasonic instrumentation was used in implants with
high thread pitch (group 1), the vibration applied on the tip of
the thread was unable to remove the ink deposits at the thread
valleys. However, in implants with narrower thread pitch,
such as those in groups 2 and 3, ultrasonic instrumentation

Fig. 5 a Percentage of residual
staining of the different groups
based on the angle of evaluation.
b Percentage of residual staining
of the different groups based on
the decontamination group
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performed significantly better, showing that for this particular
instrumentation protocol, the distance between threads may be
more important than their depth.

With titanium brushes (TNB), the highest PRS were ob-
served in group 3 with a marked buttress-thread design. This
particular design may impede the access of the brush to the
implant surface. In the buttress-thread design, the coronal fac-
ing thread has a flat design [30]; this flat thread was relatively
easy to access but in contrast, it appeared to block the ability of
the brush to reach the apically facing threads that had a slant
and where the residual stain was significantly higher.

In order to extrapolate these results, it must be also ac-
knowledged that all implants were instrumented without any
abutments or reconstructions which facilitated the access to
the decontamination devices.

The results of the present investigation must be interpreted
with caution taking that it focused in only one step of the
treatment of peri-implantitis and due to the nature of the
in vitro design of the study and the use of ink as a surrogate
to biofilm. Moreover, in spite of the similarities observed in
ink-layer thickness, the implants utilized had different sur-
faces and this could have had an impact on the adherence of
the surrogate biofilm.

Nevertheless, this investigation has provided information
on the cleaning efficacy of three frequently utilized decontam-
ination methods in four commercially available implant de-
signs placed in standardized printed defects, using a validated
staining method. Furthermore, these findings indicate the po-
tential need of combining different decontamination methods
(mechanical, chemical or biological) to maximize the biofilm
and calculus removal.

Conclusions

Within the limits of this in vitro investigation, it can be con-
cluded that considerable residual stain, particularly in the api-
cal facing threads, was encountered in narrow deep defects
after the use of three decontamination groups in all the implant
designs tested. Thread geometry influenced the access of the
decontamination devices and in turn its efficacy. Implants
with lower thread pitch and thread depth values appeared to
have less residual staining.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00784-020-03681-y.
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